INTRODUCTION
THE MAIN OBJECTIVE in the investigation reported herein was to determine N gains and losses with various combinations of winter crops and fertilizer applications. A secondary objective was to determine the gains and losses of Ca, Mg, Na, K, Cl, S and P. Seven of these elements are essential for the growth of plants and the element Na, although not essential for plants, is of interest as one of the detrimental components in salt-affected soils. Chapman, Liebig and Rayner (1949) 4 reported the N gains and losses during the first 10 years and Broadbent and Chapman (1950) reported data summarizing the first 15 years of the experiment. The purpose of this report is to present data for the complete experiment. Although some of the con clusions are the same as previously reported, the data for the last five years and a more complete analysis of the soil at the end of the experiment have added considerably to the value of the experiment. Enough new relation ships and conclusions have emerged to justify an additional publication.
DESCRIPTION OF THE EXPERIMENT
Tanks and Soil. The tanks were made of 16-gauge galvanized iron. They were 10 feet in diameter and 4 feet deep with funnel-shaped bottoms. The tanks were filled with soil in 1926. An 8-inch layer of No. 3 flint rock, ranging in size from % to 1% inches in diameter, was placed in the bottom to provide a filter for the soil. The soil was taken from the surface foot of a virgin granitic-derived residual soil formerly classified as a Sierra loam
RESULTS
Yield and Nitrogen Content of Crops. Data for the average yield of dry matter of crops are presented in table 1. There were small but consistent increases in yield of the annual legumes as a result of N applications. These increases in yields were certainly not economical and in no way justify the application of N to such crops. However, they do indicate that at some time in the growth of these crops N fixation by the legume nodule bacteria pres ent was not sufficient to give maximum growth rate.
There were large increases in yield of mustard with increases in N fer- tilizer except in the first five years when the soil contained a large amount of nitrate N accumulated from the 1926-34 fallow period.
AVERAGE Y I E L D OF DRY MATTER OF W I N T E R CROPS FOR FOUR 5-YEAR PERIODS AND FOR W I N T E R AND SUMMER CROPS FOR T H E TOTAL E X P E R I M E N T
The yield of the summer crop was increased by about a ton per year by applications of N where the winter treatment was mustard or straw. The N needed to produce these large yields of the summer crop, where no N was added, came mainly from decomposition of soil organic matter in the turned under mustard and straw. Temperature and moisture conditions were fa vorable during the summer for rapid mineralization of organic matter whereas in winter during the growth of the mustard crop the temperature was low enough that mineralization was extremely slow.
Where the winter crop was a legume there were no increases in yield of the summer crop as a result of N fertilization. Enough N was fixed by the legumes to fully meet the N requirements of the summer crop.
The relation between the average N in tops of plants of winter crops and the annual rate of application of N to the soils as Ca(NO ;{ ) 2 for the last 15 years of the experiment is presented in figure 1 . The first 5 years' data were not used in this case because of the high nitrate-N content of the soil during that period. The N in the mustard crop with no N added was about 12 pounds per acre per year. This is not much greater than the N in the rain plus that in the irrigation water. Thus, practically no N was released from the soil during the growth of this crop. When N was added to the soil the apparent recovery by mustard was about 80 per cent at the 100-pound rate and about 70 per cent a the 200-pound rate. Both of the legume crops showed increased N in tops with increased amounts of N added to the soil. Using calculated N fixation data (see sec tion on Nitrogen Gains and Losses) to correct for contributions from the nodule bacteria the apparent N recovery by the vetch was 52 and 90 pounds per acre per year or 52 and 45 per cent for N at the 100-and 200-pound rate respectively. Corresponding data for melilotus were 72 and 47 per cent re covery. Figure 2 presents the relation between the average N removed in the summer crop and the annual rate of application of N as Ca(N0 3 ) 2 . Al though the rate of application of Ca(N0 3 ) 2 had only a small effect on yields of the summer crop it had a large effect on N removal, particularly with the straw and mustard winter treatments. Yield increases were only about 25 per cent whereas increases in N removal were increased about threefold.
Vetch and melilotus without N were 75 per cent as effective as mustard with the highest rate of N in supplying N to the summer crop. Comparing the legumes with mustard the legumes alone were equivalent to mustard plus 135 pounds of N from fertilizer. This agrees well with N fixation data of 131 and 124 pounds N per acre per year for vetch and melilotus re spectively.
Nitrogen. Data on the gains and losses of N in soil for four 5-year periods and for the total period of the lysimeter experiment, and the total gains and losses as a percentage of the total N in the soil at the beginning of the experiment are presented in table 2. These data represent the sum of the 450 Hügardia [Vol. 30, No. 16 additions from seed, rain, irrigation water, fertilizer, and straw, plus re lease from the soil subtracted from the sum of the removals in crops and leachate. The difference, if positive, represents an increase in N and is assumed to be a fixation from atmospheric N ; if negative, it is assumed to be a volatilization loss of added N. The contribution from the soil was calcu lated from a determination of total N of soil samples taken in June of 1933 June of , 1939 June of , 1944 June of , 1949 June of , and 1954 . The data for the vetch and melilotus cover crops are positive and thus indicate a fixation of N by these crops. Total fixation in the 20-year period TABLE 2 averaged 131, 106, and 77 pounds per acre per year, respectively, for vetch at 0, 100, and 200 pounds N per acre per year. Total fixation by melilotus averaged 124, 82, and 67 pounds per acre per year, respectively for the same rates of N applications. These data are sufficiently large and so con sistently positive that there should be no question about their significance.
GAINS AND LOSSES O F N I N SOILS FOR FOUR 5-YEAR P E R I O D S AND FOR T H E TOTAL P E R I O D OF A L Y S I M E T E R E X P E R I M E N T , AND TOTAL GAINS AND LOSSES AS P E R C E N T A G E S O F TOTAL N I N T H E SOIL AT T H E B E G I N N I N G OF T H E E X P E R I M E N T
Variations in N fixation by legumes in the four 5-year periods are rela tively large. These variations are not associated with yields or with any environmental or soil factors that were measured but appear to be random with no interaction between periods and N fixation.
The data for the total experiment suggest no significant gains or losses of N for either the straw or the mustard covercrop treatments. The largest positive value of the total N in the soil at the beginning of the experiment is 1.3 per cent, and the largest negative value is 4.3 per cent. In contrast, the smallest value for N fixation with legumes was 19.2 per cent of the total March, 1961] Pratt N in the soil. Thus, on the average, with straw or mustard there was neither a net fixation nor a net volatilization of nitrogen during the 20 years of the experiment. There were variations among the data for the four 5-year periods but these variations appeared to be random and not associated or cor related with periods or with the environmental factors that were measured. Since the increase or decrease in total soil N enters into all the calcula tions of gains or losses of N, one must consider the gains or losses of N in relation to the errors involved in measuring the total soil N in the tanks. The original total soil N was about 7,000 pound per acre. Chapman, Liebig and Rayner (1949) , in discussing the first 10 years of the experiment, esti mated that differences of greater than 150 to 200 pounds N per acre from one sampling period to the next would be real. Broadbent and Chapman (1950) , however, found that variations in the 1949 soil samples were such that values as great as 320 pounds per acre might not be significant at the 5 per cent level of probability. The 320 pounds N per acre represent 4.6 per cent of the original N content of the soil. The values for total N gains or losses with the mustard and cereal straw treatments are less than this value and are thus likely to be non-significant.
In this experiment there was no evidence of reducing conditions in the soils. Drainage water was always free of reduced forms of Fe and Mn. (Data obtained recently from filled-in lysimeters containing 5.5 feet of soil show that when reducing conditions are attained the drainage water may contain as much as 12 ppm. Mn and 8 ppm. Fe, and that when exposed to the air, these elements are oxidized and precipitated as oxides.) Thus the absence of volatilization losses of N can be attributed to lack of reducing conditions in the soil. However, there is also the possibility that losses did take place and that these were balanced by nonsymbiotic N fixation.
If the N gains and losses with the non-legume treatments, expressed as percentages of the total N in the soil, are used as estimates of experimental error, they indicate that the experiment was well conducted, that no gross errors were involved, and that all samples of water, soil, plants, and leachate were representative of the totals of these materials in the experiment.
The data show that relatively large amounts of N can be fixed by annual winter legume crops and that the maximum fixation is obtained when the soil contains a low supply of available N. The N fixation is also dependent on the growth of the legume crop. In the lysimeters the dry weight yields were relatively large and thus conditions were extremely favorable for N fixation.
One might expect similar quantities of fixation in the field only if similar favorable conditions are found. Where shading, drought, salinity, nutrient deficiencies or other soil or environmental factors limit yields, or where the soil is supplied with available N, the fixation may be reduced to a small frac tion of the values reported here.
The data for the cereal straw treatments and the mustard covercrop sug gest that volatilization losses of N are not serious where care is taken to avoid waterlogging the soil and that the usual irrigation practices on soils that are internally well drained do not produce volatilization. Thus, the usual mechanism of N depletion are crop removal and leaching losses. It is well [Vol. 30, No. 16 established, however, that volatilization does take place when reducing con ditions are established by prolonged saturation of the soil with water.
The foregoing statements apply to neutral and alkaline soils fertilized with Ca(N0 3 ) 2 . There is evidence from other sources that there can be N volatilization losses from acid or alkaline soils fertilized with urea and ammonium sources of N under normal aerobic conditions. Allison (1955) in a review of the literature dealing with N gains and losses in lysimeters and in field trials reported that most experiments show an unaccounted-for loss of N which is assumed to be loss by volatilization. The absence of loss of N in this experiment might be attributed to the alkaline conditions of the soil combined with a nitrate source of N.
Phosphorus. There was little if any P added in irrigation water or in fertilizer or straw. Also, the drainage water had little if any P. Thus the P removed by cropping represented depletion. The average removed by crops was 317 pounds per acre for the 20-year period, or 15.9 pounds per acre per year.
Potassium. Data for the K added and removed and depletion from the soil are presented in table 3. The average depletion was 181 pounds K per acre per year mostly by crop removal. Very little K was lost by leaching and only a relatively small amount was added in the irrigation water.
Magnesium. Data for gains and losses of Mg are presented in 
GAINS AND LOSSES OF MAGNESIUM DUEING T H E 20 YEAES OF T H E L Y S I M E T E E E X P E E I M E N T
T r e a t m e n t 
GAINS, LOSSES, AND ACCUMULATION OF CALCIUM I N LYSIMETERS DURING 20 YEARS OF TREATMENT AND T H E CaC0 3 D E T E R M I N E D I N T H E SOIL A F T E R THE 20-YEAR PERIOD
Winter t r e a t m e n t This relationship between Mg loss from the soil and amount of salts added as fertilizer is the same as reported by Pratt and Harding (1957) for the soil of a long-term fertility trial. The losses of Mg by leaching were increased by increases in Ca(N0 3 ) 2 except in the case of the mustard winter crop, where the Ca(N0 3 ) 2 appli cations, because of increased growth of the crop, reduced the amount of leachate from 7.3 per cent with no N applied to 3.9 per cent with 100 pounds N per acre. In all cases there were increases in Mg removal by cropping with increases in Ca(N0 3 ) 2 . This effect was greatest with the straw and mustard winter treatments.
Sodium. Data for Na added, removed by cropping and leaching, accumu lation in the soil, and that removed as a percentage of the total added, are Chloride. Data for the gains and losses of Cl and the percentage removal of added Cl by crops and by leaching are presented in table 6. Both barley and Sudan grass removed relatively large quantities of Cl and as a result the major portion of the Cl removed was removed by the summer crops. The average accumulation was only 2 per cent of that added.
Sulfur. The average S added to the tanks in 20 years was 1,700 pounds per acre. Of this 290 pounds was removed by crops, 1,070 pounds was re moved by leaching and 337 pounds accumulated in the soil. The range of values for accumulation was from 898 to a -128 pounds per acre. The aver- 
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age S accumulation per acre per year was 16.8 pounds, which is not a large yearly accumulation considering the fact that crop removal was small and leaching occurred during only half of the 20 years of the experiment. Calcium. Data for gains, losses and accumulation of Ca during the experi ment and the CaCO s determined in the soil at the end of the experiment are presented in table 7. For all treatments over the 20-year period the average Ca added minus the average removed was 12,300 pounds CaC0 3 equivalent per acre. The average CaC0 3 in the soil at the end of the ex- périment was 10,550 pounds per acre, which is 86 per cent of the Ca that accumulated in the soil. The other 14 per cent was probably used to bring the pH of the soil from slightly acid to values between 7.8 and 8.3. The correlation coefficient for the relationship between Ca accumulation and Ca determined as CaC0 3 in the soil was +0.92, thus indicating that the CaC0 3 precipitation was highly associated with, and most likely a function of, the Ca accumualtion.
The relations between CaC0 3 accumulation in the soil and leaching per centage for the non-legume, legume and no Ca(N0 3 ) 2 treated tanks are presented in figure 3 . The mustard winter crop produced a greater CaC0 3 precipitation than the legume crops at the same leaching percentage. The cause of the difference is not apparent but might have been caused by a greater drying of the soil during the autumn when the winter crops were becoming established. The mustard, particularly when fertilized with . Eelation between per cent precipitation of the HC0 3 " added in irrigation water and the difference between the measured pH of the paste and the pH that would be found in an equilibrium solution with CaC0 3 at the HC0 3~ and adjusted Ca content of the irriga tion water. Ca(N0 3 ) 2 grew much faster in the early season than the slow-starting legumes.
The Y-intercept value for the regression for the four tanks that received no Ca(N0 3 ) 2 is 11,900 pounds CaC0 3 per acre, which is only 600 pounds less than the average Ca added to these tanks. The suggestion from the agreement between the Y-intercept value and the Ca added to the soil is that if no leaching had taken place, and no Ca had been needed to neutral ize soil acidity, and no Ca had been removed by crops, all the Ca added would have precipitated as CaC0 3 . Thus, the formulas proposed by Eaton (1950) for estimating the Na hazards of waters containing HC0 3 " are ap propriate if the soil is alkaline (pH near 8), and there is no leaching or crop removal of constituents in the water. With crop removal or increased leaching the formulas overestimate the Na hazard. If the soil is acid the formulas do not apply until the usually alkaline pH values of calcareous soils are attained.
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The average CaC0 3 in the soil was approximately 50 per cent of the CaC0 3 equivalent of the total Ca added. The relationship between CaC0 3 in the soil and half the CaC0 3 equivalent of the Ca added for each of the four winter crop treatments is presented in figure 4 . There was a significant correlation between the two. When all data were considered seventy-one per cent of the variations in CaC0 3 in the soil was associated with varia tions in the measured Ca added. A large fraction of the unaccounted-for variation is undoubtedly a result of large differences in leaching percentage between the straw and the mustard treatments where Ca(N0 3 ) 2 was added. The leaching with mustard was 5.0 per cent whereas with the straw treat-TABLE 9 * The data for each winter cropping treatment are averages for three rates of N application. The N application increased the magnitude of the C&COz precipitation but had no effect on the relationships between depth and lime or depth and SAR. ment it was 7.6 per cent. There may have also been some effect of greater C0 2 production by the mustard crop than by the straw treatment.
CAEBONATE-C C O N T E N T O F SOIL AND SODIUM A D S O R P T I O N E A T I O (SAE) F O E T H E SATTJEATION E X T E A C T OF F I V E D E P T H S OF SOIL FEOM T A N K S T E E A T E D W I T H C E E E A L S T E A W OE COVEECEOPPED W I T H MUSTARD, V E T C H ,
Data for the CaC0 3 equivalent of the HC0 3~ added in the irrigation water and the CaC0 3 in the soil as a per cent of the HC0 3~ added are pre sented in table 8. The average precipitation of HC0 3~ was 39.9, 74.0 and 84.8 per cent, respectively, for 0, 100, and 200 pounds N per acre as Ca(N0 3 ) 2 . Where N was added there was a greater per cent precipitation of HC0 3 " with mustard than with the two legume crops, and this differ ence is not related to differences in leaching because the leaching was the same at the 100-pound N rate. These data along with data of figure 4 , suggest that the type of crop has an influence on CaC0 3 precipitation ex clusive of the effect of the crop on leaching percentage. Perhaps this dif ference resulted from differences in amount of Ca absorption by the crops.
The index defined by C. A. Bower (1958) was calculated for each lysimeter tank. This index is pH s -pH c where pH s is the pH of the saturated soil paste and pH c is the pH that would be in equilibrium in CaC0 3 at the Ca [Vol. 30, No. 16 Where p K / is the negative logarithm of the second dissociation constant of H 2 C0 3 , p K / is the negative logarithm of the solubility product constant of CaC0 3 , and pCa and pAlk. are the negative logarithms of the Ca and alkalinity concentrations respectively. The alkalinity is the total alkalinity to the methyl orange end point, expressed as HC0 3 ". The Ca concentration of the irrigation water was adjusted to take into consideration the Ca added in straw and Ca(N0 3 ) 2 by dividing the total Ca added in the water, fertilizer, and straw, by the total volume of irrigation water applied.
Hügardia
The relations between per cent HC0 3 " precipitation and the modified saturation index for all cropping treatments are presented in figure 5 . There was a significant correlation between the modified saturation index and the percentage of HC0 3~ precipitation ; there was also a difference in the crops. The combination of Ca(N0 3 ) 2 with mustard winter covercrop pro duced a greater per cent precipitation of the HC0 3~ than the two other covercrops or the straw treatments. Carbonate-C content and sodium adsorption ratio (SAR) of the satura tion extract of soil of ñve depths are presented in table 9. The rate of appli cation of Ca(N0 3 ) 2 (pounds N per acre) had no effect on relations between soil depth and lime content or SAR ; thus the data were averaged for each cropping treatment.
With each treatment the maximum precipitation of lime was in soil of the 12-to 24-inch depth. In the case of the straw applications and mustard covercrop treatment, the differences in amounts of lime content of the first 2 feet of soil were not great, whereas in the legume covercrop treatments the first foot of soil contained much less lime than the second and third feet.
In all cases the greatest increase in SAR was at a depth just below that of the maximum precipitation of carbonates. Thus there is a direct causeand-effect relationship between precipitation of CaC0 3 and the SAR of the water that moves on to the lower layers of the soil.
Both the precipitation of CaC0 3 and the differential absorption by plants of Ca and Mg relative to Na, influence the SAR of the water in the soil. In this experiment the removal of Na by plants was 8.5% of that added, whereas with Ca and Mg, removal by plants was 14.6 and 48%, respectively. The SAR of the water was 1.16; thus all saturation extracts showed a higher SAR than the water.
Data for pH and per cent exchangeable Na for soils winter-covercropped to vetch at three rates of N are presented in table 10. The data for the third foot of soil at the 0 rate of N show that the soil at this depth was approaching alkali or sodic characteristics. The Ca(N0 3 ) 2 applications had a soil amend ment eífect in reducing both the pH and the per cent exchangeable Na at the lower depths.
The relations among Na saturation of the 24-to 36-inch depth of soil, precipitation of the HC0 3 " added in the irrigation w T ater, and the rate of application of N as Ca(N0 3 ) 2 are presented in figure 6 . These data provide Eügardia [Vol. 30, No. 16 additional evidence that the precipitation of CaC0 3 increased the sodium saturation and also that the Ca(N0 3 ) 2 served as a soil amendment in reduc ing sodium saturation. Within each rate of application of Ca(N0 3 ) 2 the Na saturation increased with increase in CaC0 8 precipitation. The overall effect, however, of the Ca(N0 3 ) 2 was to reduce Na saturation. Salts in Drainage Water. Data for the amounts of soluble constituents of the drainage water for the 1951-52 season are presented in table 11. This leaching followed a period of 7 years in which there was no drainage water and thus represents the maximum salt content of the drainage water in the experiment. The solution was mainly a mixture of sulfate salts with about equal amounts of Na and Ca. The Cl content was low because the crops removed 81 per cent of that added, and the HC0 3 " was low because of pre cipitation as CaC0 3 . Relative to the composition of the irrigation water the Na and S 0 4 ions showed the greatest concentration effect. Exchangeable Cations in the Soil. The soil as it was put into the tanks had a uniform depth distribution of exchangeable cations. Thus any differences found at the end of the experiment are a result of changes that have resulted from crops, irrigation water, and fertilizer.
The depth distribution of the cation-exchange capacity changed only slightly. The C.E.C. of the surface six inches was 7.1 compared to a value of about 6.2 in the lower depths. This difference is probably a result of some accumulation of organic matter in the surface and loss of organic matter at the lower depths.
The average depth distribution of exchangeable K was 4.6, 3.0, 2.3, 2.2 and 2.1 per cent saturation for soil of the 0-6, 6-12, 12-24, 24-36 and 36-48-inch depths respectively. For the most part, distribution is probably a result of the deposition of K on the surface soil by growth of the winter crops. The only treatment that included additions of K to the soil was application of cereal straw. However, the distribution of exchangeable K was qualita tively the same in all tanks, although the highest K saturation in the surface six inches of soil was in tanks that received cereal straw. The relations among saturation of the soil with Ca, Mg and Na, depth of soil and rate of application of Ca(N0 3 ) 2 are presented in figure 7 . The in creased Ca saturation of the surface 0 to 24-inch depth of soil that resulted from the application of Ca(N0 3 ) 2 was mainly balanced by a decrease in Mg saturation. In the soil at the lower depths the Mg saturation at the inter mediate Ca(N0 3 ) 2 level increased with a corresponding decrease in Na saturation and, at the highest rate of Ca(N0 3 ) 2 , Ca increased with a decrease in both Mg and Na.
Under the conditions of the experiment the Ca added in water and in fertilizer was sufficient to prevent Na accumulation in the 0 to 24-inch depth of soil and also sufficient to replace Mg. The replaced Mg moved down and partially prevented Na accumulation in the lower depths. The data suggest . Kelation between organic C in the soil and time beginning when the soil was placed in the lysimeters. The treatment for the tank from which these data were obtained was growth of vetch with no N application. 8 the data were combined until statistically significant differences in re gression coefficients were found, and these regression equations were plotted in the figure along with the data. Thus all differences shown in the figure are statistically significant.
The legumes and mustard with added N increased the total N in the surface six inches of soil. In all cases there was a decrease and then an increase in the 6-to 12-inch depth of soil. In the depths below 12 inches there was a decrease with time with an indicated equilibrium attained after 10 years of treatment or 17 years of total time the soil was in the tanks. Small vari ations in total N in the lower depths during the last 10 years were associated with variations in NO :}~N accumulation from Ca(N0 3 ) 2 applications.
The relation between organic C in the soil and time beginning when the soil was placed in the tanks is presented in figure 9 . The data in figure 9 are for soil treated with vetch winter crop with no N applied. All other tanks were similar, except for very small differences in the amount of organic C in the soil below 6 inches and some differences in organic C in the 0-to 6-inch depth.
During the first seven years the soil was fallowed with no vegetation allowed to grow. Thus the decrease in organic C during these years is entirely a result of differences in rate of oxidation of organic matter and in no way is related to differences between production and destruction. The most logical explanation for the fact that organic C disappeared faster in the lower horizons is as follows: During the rainy reason, when moisture was adequate for mineralization of organic matter, the soil was too cool ; when soil became sufficiently warm the rainy season was completed, surface soil was dry, and the moisture increased with increase in depth so that the rate of decomposi tion of organic matter increased with increase in depth. When cropping started production minus decomposition was greatest in the surface layer and decreased w r ith increase in depth so that the trends started in the first 7 years with a fallow system were continued under the cropping system. The attainment of equilibrium at the lower depths and reversal of the downward trend in the 6-to 12-inch depth coincided with the change of the summer crop from barley to Sudangrass. The depth distribution of organic C in the soil at the end of the experiment was nearly the same as the distribution of organic C in the agricultural soils in the area where the experiment was conducted.
SUMMARY
The data from a 20-year lysimeter investigation with an irrigated soil have been presented and discussed. The following paragraphs summarize the results.
Yields of Crops. Applications of N to winter annual legumes produced small but consistent increases in yields. There were large increases in yields of winter-grown mustard as a result of N applications. The summer crop, which was barley for the first 6 years and the Sudangrass the rest of the time, gave no increased yield from N where a winter legume was grown and turned under and relatively small increases where mustard was grown as a winter crop or where straw was added in the winter.
The growth of vetch and melilotus winter legumes were as effective as mustard as a winter crop plus 135 pounds N per acre in supplying the summer crop with N.
Nitrogen. Nitrogen fixation by the winter legumes was 131, 106, and 77 pounds per acre per year for vetch treated with 0, 100 and 200 pounds N per acre per year respectively. Comparable data for melilotus were 124, 82 and 67 pounds N per acre per year respectively. There were no significant gains or losses of N in the tanks treated with straw or the growth of mustard in combination with N applications.
Phosphorus. The average depletion of P from the soil was 15.9 pounds P per acre per year.
Potassium. The average depletion of K was 181 pounds K per acre per year.
Magnesium. There was a small average loss of Mg from the soil. However within each winter crop or crop residue treatment there was a decrease in March, 1961] 
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Mg accumulation or an increase in Mg loss with increase in the rate of application of N as Ca(N0 3 ) 2 . Sodium. The average Na accumulation was 116 pounds per acre per year, which was 69 per cent of the Na added.
Chloride. The average accumulation of Cl was 3 pounds per acre per year or about 2 per cent of that added. About 81 per cent of the added Cl was removed by the summer crop and about 17 per cent was removed by leaching.
Sulfur. The average S accumulation was 16.8 pounds per acre per year which was 48 per cent of that added.
Calcium. The average Ca accumulation was 62 per cent of that added. Eighty-six per cent of the Ca accumulated was precipitated as CaC0 3 in the soil and 14 per cent was used in neutralizing soil acidity. The CaC0 3 pre cipitated in the soil was significantly related to leaching percentage, type of crop and to total Ca added. The Ca added as Ca(N0 3 ) 2 had a soil amendment effect in reducing the exchangeable Na.
Drainage Water. Because of crop removal of Cl and precipitation of HC0 3 " as CaC0 3 the drainage water in the 1951-52 season was mainly a solution of S0 4 salts. Sodium and S0 4 showed the greatest concentration relative to the composition of the irrigation water.
Exchangeable Cations in the Soil. The exchangeable K decreased with increase in depth. Applications of Ca as Ca(N0 3 ) 2 displaced Mg from the surface layers (0-to 24-inches) and prevented accumulation of Na in the soil of the same depth. Exchangeable Na accumulated in the 24-to 48-inch depth and where Ca(N0 3 ) 2 was added exchangeable Mg accumulated in the same depths.
Total Nitrogen and Organic Carbon. Losses of N and organic C were greatest at the lowest depths. The surface soil increased in both N and organic C during the 20 years of cropping but there were no changes during the 7 years of fallow that preceded the cropping period. However, during the fallow period the lower depths lost organic C. ALLISON, F . E. 
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